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Surface plasmon polariton (SPP) is electro-magnetic wave coupled to free electron oscillations near the surface of metal, and has been used to
improve the photoelectric properties in many optoelectronic devices. In the present study, the Au nanoparticles (NPs)/β-Ga2O3 composite thin
ﬁlm was fabricated through depositing Au ultra-thin ﬁlm on the β-Ga2O3 thin ﬁlm followed by post-thermal treatment. Compared to bare β-
Ga2O3 thin ﬁlm, a signiﬁcant absorption around 510 nm, which is attributed to SPP of Au NPs, was observed in the UV–vis spectrum of Au NPs/
β-Ga2O3 composite thin ﬁlm. The results showed that the photoresponse of Au NPs/Ga2O3 photodetector illuminated under 254 nmþ532 nm
light was much higher than that illuminated under 254 nm light, indicating an enhancement of photoelectric property for the solar-blind
photodetector based on β-Ga2O3 thin ﬁlm.
& 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Chinese Materials Research Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Due to its wide application in many areas, such as missile
launching detection, space and astronomical research, environ-
mental monitoring, UV radiation calibration and monitoring,
and optical communication, UV detectors have attracted
considerable amount of research interests [1–3]. Many kinds
of wide bandgap semiconductors, including GaN, SiC, ZnO
and Ga2O3 etc., have been developed and applied on fabrica-
tion of UV photodetectors [4,5]. Among these wide bandgap
semiconductors, Ga2O3, with a wide direct band gap of 4.9 eV,
has been a potential candidate for short-wavelength optoelec-
tronics applications such as light-emitting diodes [6], and UV
photodetectors [7–9]. However, from the UV photodetectors10.1016/j.pnsc.2016.01.008
16 The Authors. Production and hosting by Elsevier B.V. on behalf
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nder responsibility of Chinese Materials Research Society.point of view, high internal quantum efﬁciency does not
always warrant high external efﬁciency. In particular, it is
well known that a large amount of light is usually trapped
inside the luminescent layer that results in a low external
efﬁciency. Hence, it is important to obtain high efﬁciency for
application in short wavelength light sources and optoelec-
tronic devices. Several studies have been conducted to
optimize the growth parameters and tune oxygen vacancy to
enhance performance in Ga2O3 photodetectors [7,10], but only
small progress has been achieved. It is very important to
improve the responsivity of Ga2O3 based UV photodetectors.
SPP is electro-magnetic wave coupled to free electron oscilla-
tions closed to the metal surface, leading to giant enhancement
of the local electromagnetic ﬁeld around nanoparticles, and has
been used to improve the photoelectric properties of optoelec-
tronic devices [11,12]. In this work, Au NPs/Ga2O3 thin ﬁlm
based UV photodetectors was fabricated, and much larger
photocurrents than that in the ﬁlm of Ga2O3 without Auof Chinese Materials Research Society. This is an open access article under the
Fig. 2. UV–vis absorbance spectrum of the bare β-Ga2O3 thin ﬁlm and Au
NPs/β-Ga2O3 composite thin ﬁlm.
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SPP can improve the photoelectric properties of Ga2O3 based
UV photodetectors.
2. Experimental
The β-Ga2O3 thin ﬁlm with a thickness of 100 nm was
prepared by radio frequency magnetron sputtering. Silicon
(100) was used as substrates for ﬁlm deposition. Before
sputtering, the substrate was cleaned in the water, acetone,
water, ethanol, and water under ultrasonic cleaning for 5, 10, 5,
10, and 5 min in turn to remove the impurities on the surface.
The deposition chamber was evacuated to a pressure of
105 Pa, and then, high pure argon was admitted up to a
pressure of 0.8 Pa (sputtering). The β-Ga2O3 thin ﬁlms were
prepared for 1.5 h at 750 1C, using a target-to-substrate
distance of 50 mm. The sputtering power of is 80 W. In order
to obtain Au NPs, the Au thin ﬁlm was deposited (for 10 s/
20 s) by DC frequency magnetron sputtering onto the Ga2O3
thin ﬁlm and then post-treatment for 1 h at 750 1C in situ. After
that, electrodes of Ti (20 nm)/Au (100 nm) layer in radius of
0.75 mm were deposited on the Au NPs/β-Ga2O3 composite
thin ﬁlm by DC sputtering using shadow mask, followed by
thermally annealing at 200 1C for 10 min in Ar ambient.
The morphology and structure of detectors were character-
ized by a Hitachi S-4800 ﬁeld emission scanning electron
microscope (FE-SEM). Ultraviolet–visible (UV–vis) absorp-
tion spectrum was taken using a Hitachi U-3900 UV–visible
spectrophotometer. The current–voltage (I–V) characteristics
and time-dependent photoresponse of the photodetectors were
measured by Keithely 2450. The photocurrent was measured
under illumination of 254 nm and 532 nm UV lights.
3. Results and discussion
Fig. 1 shows the SEM micro-images of the surface of bare
β-Ga2O3 thin ﬁlm and Au (10 s) NPs/β-Ga2O3 composite thin
ﬁlms. The bare β-Ga2O3 thin ﬁlm shows a dense and smooth
morphology (Fig. 1a). The thickness of the thin ﬁlm was
estimated to be 100 nm (Fig. 1b). The uniform dispersal of Au
nanoparticles in the average size of 70 nm on the β-Ga2O3
surface is quite evident from the SEM images (Fig. 1c).
The optical absorption measurements are extremely impor-
tant in evaluating the optical parameters of thin ﬁlms such asFig. 1. SEM images of (a) bare β-Ga2O3, (b) cross-section of a β-absorption coefﬁcient and energy band gap etc. In order to
obtain the optical properties of thin ﬁlm, we deposited similar
ﬁlms on sapphire substrate. The UV–vis absorbance spectra of
bare β-Ga2O3 thin ﬁlm and Au NPs/β-Ga2O3 composite thin
ﬁlm on sapphire substrate are shown in Fig. 2. For the bare β-
Ga2O3 thin ﬁlm, a signiﬁcant absorption was observed at
wavelengths less than 250 nm, near the lower edge of the
solar-blind region. Compared with bare β-Ga2O3 thin ﬁlm,
except the absorption less than 250 nm, it was found that a
signiﬁcant absorption of Au NPs/β-Ga2O3 composite thin ﬁlm
located at around 510 nm due to the resonant absorption of
Au NPs.
A further analysis of the optical spectra was performed to
calculate energy band gap. For β-Ga2O3 with a direct band
gap, the absorption follows a power law of the form [13–15]:
ðαhνÞ2 ¼ B hνEg
  ð1Þ
where hν is the energy of the incident photon, α is the
absorption coefﬁcient, B is the absorption edge width para-
meter, and Eg is the band gap. The optical absorption
coefﬁcient, α, of the ﬁlm is evaluated using the relation:
α¼ 1=d ln 10A  ð2Þ
where d is the ﬁlm thickness, and A is the absorbance. The
optical band gap was determined by extrapolating the linear
region of the plot (αhν)2 versus hν and taking the intercept on
the hν-axis. The obtained band gap was 5.0 eV as shown in
the inset of Fig. 2, which is larger than that of β-Ga2O3, which
has been reported to be 4.9 eV.Ga2O3 thin ﬁlm and (c) Au NPs/β-Ga2O3 composite thin ﬁlm.
Fig. 3. I–V cures of the bare β-Ga2O3 thin ﬁlm and Au NPs/β-Ga2O3 composite thin ﬁlm detectors, (a) bare β-Ga2O3, (b) Au 10 s, (c) Au 20 s, respectively. (d) The
current of the bare β-Ga2O3 thin ﬁlm detector and Au NPs/β-Ga2O3 composite thin ﬁlm detectors with Au 10 s and 20 s under different illumination.
Fig. 4. (a) and (b) Temporal response of the bare β-Ga2O3 thin ﬁlm and Au NPs/β-Ga2O3 composite thin ﬁlm with Au 10 s photodetectors measured at 10 V
applied bias in dark, under the 532 nm and 254 nm illumination. (c) Time-dependent photoresponse of the Au NPs/β-Ga2O3 composite thin ﬁlm photodetector of
Au 10 s to 532 nm light illumination by on/off switching under 10 V applied bias.
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detectors, an interdigital electrode was deposited through a
shadow mask to serve as contact electrodes. Fig. 3a shows the
I–V characteristic curves of the bare β-Ga2O3 thin ﬁlm
photodetector and Au NPs/β-Ga2O3 composite thin ﬁlm
photodetectors with Au deposition time of 10 s (b)and 20 s
(c), respectively. The schematic diagram of the fabricated
prototype photodetectors is shown in the bottom right inset of
Fig. 3. The illumination with the wavelength of 254 nm and
532 nm was used as light sources, respectively. We can see
that the current of detectors increases as size increases of theAu nanoparticles under 254 nmþ532 nm illumination. Mean-
while, it can be seen clearly that the current increased as the
applied bias increased under both illumination conditions of
254 nm and 254 nmþ532 nm (Fig. 3d). The I–V curve
measured under 532 nm illuminating does not show signiﬁcant
increase compared with the I–V curve measured under the
254 nm illuminating, which suggests that the β-Ga2O3 thin
ﬁlms are not sensitive to 532 nm light.
Fig. 4a and b shows the time-dependent photoresponse of
the bare β-Ga2O3 thin ﬁlm and Au NPs/β-Ga2O3 composite
thin ﬁlm detectors to 254 nm and 532 nm illuminations by on/
Y. An et al. / Progress in Natural Science: Materials International 26 (2016) 65–6868off switching under an applied bias of 10 V. After multiple
illumination cycles the device still exhibits a nearly identical
response, indicating the high robustness and good reproduci-
bility of the photodetectors. And the increase time of photo-
current for bare β-Ga2O3 thin ﬁlm photodetector is much
longer than that of Au NPs/β-Ga2O3 composite thin ﬁlm
photodetector after the 254 nmþ532 nm light is turned on.
Upon 254 nm UV illuminating, the current of Au NPs/β-
Ga2O3 composite thin ﬁlm photodetector shows an increase
from approximately 280 nA of dark current to a stable value of
approximately 50 A/W. Upon 254 nmþ532 nm illumination
the current increase signiﬁcantly to a non-stable value of
approximately 103 A/W, which is about two times of the
corresponding value (50 A/W) obtained under 254 nm illumi-
nating. Upon 532 nm illumination, the current increases
slightly to a value of approximately 0.1 A/W (Fig. 4c),
indicating that the Au NPs/Ga2O3 composite thin ﬁlm was
not sensitive to 532 nm light too much. Considering the results
mentioned above, we assume that the SPP produced by green
light irradiating Au nanoparticles can effectively enhance the
photoresponse of β-Ga2O3 thin ﬁlm. The monoclinic β-Ga2O3
with a wide bandgap of 4.9 eV is considered to be good
insulator, the electrons generated by the SPP effect drift to the
Ga2O3 barrier and tunnel to the counter electrode, after
irradiated under the 254 nm light, β-Ga2O3 thin ﬁlm become
more conductive, and the tunnel behavior of the electrons
become more easily. As a results, the current increases
obviously. The large geometrical cross section provided by
the dispersed Au NPs on the surface of the β-Ga2O3 layer due
to the SPP effect would be another reason contributing to the
high response for Au NPs/β-Ga2O3 composite thin ﬁlm
photodetectors.
4. Summary
β-Ga2O3 thin ﬁlm and Au NPs/β-Ga2O3 composite thin ﬁlm
have been fabricated. The Au NPs/β-Ga2O3 composite thin
ﬁlm shows another signiﬁcant absorption around 510 nm,
which is attributed to SPP of Au NPs except the absorbance
of the wavelength of less than 250 nm induced by β-Ga2O3
thin ﬁlm. The photoresponse of Au NPs/Ga2O3 composite thin
ﬁlm photodetector is much higher than that of β-Ga2O3photodetector with the assistant of SPP effect. The SPP
assisted photodetector is high robust and good reproducible,
exhibiting relatively fast response speed and recovery speed,
indicating the best suited for commercial applications.
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